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INTRODUCTION  TO  THE  GUIDE: 

The  Cruciferae  family,  which  contains  about  3500  species  and 
350  genera,  is  one  of  the  ten  most  economically  important  plant 
families  (Rich  1991).  The  tribe  Brassiceae  is  one  of  the  13-19 
tribes  which  have  been  recognized  within  the  family  and  is  one  of 
the  few  tribes  believed  to  constitute  a  natural  group  (Hedge  1976, 
Al-Shehbaz  1984,  1985).  It  is  the  most  important  economically  and 
the  most  distinctive  (Gomez-Campo  1980a,  Al-Shehbaz  1985).  It  is 
distinguished  on  the  basis  of  the  presence  of  conduplicate 
cotyledons  (i.e.  the  cotyledons  are  longitudinally  folded  around 
the  radical)  and/or  two-segmented  fruits  (siliques)  which  contain 
seeds  in  one  or  both  segments,  and  only  simple  hairs  if  present 
(Gomez-Campo  1980a,  Al-Shehbaz  1985). 

Crop  brassicas  display  enormous  diversity  and  are  used  as  a 
source  of  oil,  vegetables,  mustard  condiments,  and  fodder.  Those 
of  particular  importance  in  Canada  are:  Brassica  napus,  B.  rapa , 
and  B.  juncea  as  sources  of  canola  oil,  and  B.  oleracea  as  cole- 
crops.  The  genera  Raphanus  and  Sinapis  are  also  of  major 
importance,  the  former  cultivated  for  its  edible  roots  and  the 
latter  as  a  source  of  mustard  condiments  along  with  B.  nigra. 
Several  species  have  become  naturalized  weeds  in  Canada  and  the 
United  States  [eg.  Sinapis  arvensis  (wild  mustard),  Raphanus 
raphanistrum  (wild  radish),  and  B.  rapa  (wild  rape)],  representing 
both  a  potential  source  of  germplasm  and  agricultural  problems .  In 
other  areas  of  the  world  Crambe  is  cultivated  as  an  industrial  oil, 
and  the  leaves  of  other  genera  (eg.  Eruca  and  Diplotaxis)  are  eaten 
as  salad  greens. 

An  understanding  of  the  genetic  potential  of  wild  relatives  of 
the  crop  species  of  Brassica  and  allied  genera  (members  of  the 
Tribe  Brassiceae)  is  critical  for  the  establishment  of  long-term 
breeding  programs  of  these  crops.  In  addition,  it  is  clear  that 
many  of  the  wild  species  in  the  tribe  have  potential  value  as  new 
crops,  as  sources  of  industrial  oils  (Crambe,  Eruca),  condiments 
(Sinapis  alba),  and  other  diverse  products.  Wild  relatives  also 
possess  a  number  of  useful  agronomic  traits  which  could  be 
incorporated  into  breeding  programs,  including:  cytoplasmic  and 
nuclear  male  sterility;  resistance  to  disease  and  insect  and 
nematode  pests;  intermediate  C3-C4  photosynthetic  activity;  and 
tolerance  of  cold,  salt  and  drought  conditions. 

The  last  comprehensive  taxonomic  treatment  on  the  tribe  was 
conducted  by  Schulz  (1919,  1923,  1936).  The  tribe  Brassiceae 
contains  approximately  217  species  and  51  genera,  25  of  which  are 
monotypic  (Table  below).  Geographically,  it  is  centered  in  the 
southwestern  Mediterranean  region,  particularly  Algeria,  Morocco 
and  Spain,  where  c.  41  genera  are  either  endemic  or  exhibit  maximum 
diversity.  The  tribal  range  extends  eastward  into  India  and 
Pakistan  and  southward  into  South  Africa,  with  a  poor 
representation  in  the  New  World  (Hedge  1976,  Gomez-Campo  1980a, 
Al-Shehbaz  1985). 


GENERA  OF  THE  TRIBE  BRASSICEAE  (no.  species  in  brackets) 


Ammosperma  (2) 
Boleum  (1) 
Brassica  (35) 
Cakile  (7) 
Carrichtera  ( 1 ) 
Ceratocnemum  ( 1 ) 
Chalcanthus  (2) 
Coincya  (6) 
Conringia  (6) 
Cordylocarpus  ( 1 ) 
Crambe  (26) 
Crambella  (1) 
Didesmus  (2) 
Diplotaxis  (27) 
Dolichorhynchus  (1) 
Douepia  ( 1 ) 
Enarthrocarpus  (5) 
Eremophyton  ( 1 ) 
Eruca  (3) 
Erucaria  (9) 
Erucastrum  (19) 
Euzomodendron  ( 1 ) 
Fezia  (1) 
Foleyola  (1) 
Fortuynia  (2) 


Guiraoa  ( 1 ) 
Hemicrambe  (2) 
Henophyton  ( 1 ) 
Hirschfeldia  (2) 
Kremeriella  (1) 
Moricandia  (9) 
Morisia  (1) 
Muricaria  (1) 
Otocarpus  ( 1 ) 
Physorrhynchus  (2) 
Pseuderucaria  (2) 
Pseudofortuynia  (1) 
Psychine  (1) 
Quezeliantha  (1) 
Raffenaldia  (2) 
Raphanus  ( 2 ) 
Rapistrum  (2) 
Rytido carpus  ( 1 ) 
Savignya  ( 1 ) 
Schouwia  ( 1 ) 
Sinapidendron  (5) 
Sinapis  (5) 
Succowia  ( 1 ) 
Trachystoma  ( 3 ) 
Vella  (5) 
Zilla  (1) 


Within  the  tribe,  Schulz  (1919,  1923,  1936)  also  recognized, 
somewhat  arbitarily  on  the  basis  of  morphological  characters,  seven 
subtribes:  Brassicinae,  Cakilinae,  Moricandiinae,  Raphaninae, 
Savignyinae,  Vellinae,  and  Zillinae.  Gdmez-Campo  (1980a)  has  since 
proposed  a  reduction  to  six  subtribes  with  the  inclusion  of  the 
Savignyinae  in  the  Vellinae.  The  Brassicinae  and  Moricandiinae 
both  include  genera  with  elongated  siliquose  dehiscent  fruit,  while 
the  other  subtribes  include  those  with  reduced  or  "nucamentaceous " 
fruits . 


Generic  boundaries  in  the  tribe  are  still  somewhat  arbitrarily 
drawn,  and  the  establishment  of  clear-cut  intergeneric 
relationships  requires  clarification.  Unlike  many  of  the  small 
genera,  the  species  are  generally  very  distinct  throughout  the 
family,  with  fruit  characters  being  the  most  reliably  used 
structures  for  the  proper  identification  of  genera  and  species . 
Taxonomic  debate  in  the  tribe  has  centred  most  particularly  upon 
the  number  of  and  relationships  between  the  subtribes  and  genera 
(Hedge  1976,  Al-Shehbaz  1985). 


The  genus  Brassica  is  one  of  ten  core  genera  in  the  subtribe 
Brassicinae,  which  also  includes  Coincya,  Diplotaxis ,  Eruca, 
Erucastrum,  Hirschfeldia ,  Raphanus ,  Sinapidendron ,  Sinapis,  and 
Trachystoma .  The  Brassicinae  is  defined  primarily  on  the  basis  of 
elongated  (siliquose)  dehiscent  fruits,  presence  of  median 
nectaries,  and  usually  seeded  beaks.  Although  morphologically 
quite  distinct  from  subtribes  Cakilinae,  Vellinae,  and  Zillinae, 
its  separation  from  the  Raphaninae  and  Moricandiinae  is  less  clear. 
Current  generic  circumscriptions  within  the  subtribe  Brassicinae 
have  also  been  considered  to  be  highly  artificial  by  many 
taxonomists,  with  generic  delimitation  based  primarily  on  only  one 
or  two  morphological  traits. 

Systematists  are  continuing  to  re-evaluate  relationships 
within  the  tribe  Brassiceae  by  way  of  morphological,  cytological, 
hybridization,  isozyme  and  molecular  analyses  (studies  reviewed  in 
Warwick  and  Black  1991,  1993).  Such  research  has  confirmed  many 
proposed  species  relationships,  but  has  also  indicated  new 
relationships  between  genera  and  species.  In  particular,  these 
studies  have  identified  new  potential  sources  of  germplasm  for 
Brassica  crops,  indicating  that  the  range  of  germplasm  important  to 
the  genus  is  much  greater  than  previously  recognized. 

The  following  Guide  to  the  wild  germplasm  of  Brassica  and 
allied  crops  (Tribe  Brassiceae,  family  Cruciferae)  will  be  divided 
into  five  parts  as  indicated  below: 

I.  Taxonomy  and  Genome  Status  -  [Complete  list  of  genera  and 
species  in  the  tribe  and  their  genomic  status,  containing 
cross  references  for  commonly  confused  names]; 

by  S.I.  WARWICK 

II.  Chromosome  Numbers; 

by  S.I.  WARWICK  &  J.K.  ANDERSON 

III.  Interspecific  and  Intergeneric  Hybridizations; 

by  S.I.  WARWICK  &  L.D.  BLACK 

IV.  Wild  Species  as  Sources  of  Agronomic  Traits  -  [List  of 
potentially  useful  agronomic  traits  and  possible  wild 
germplasm  sources  in  the  tribe]; 

by  S.I.  WARWICK 

V.  Life  History  Data  [Summary  of  habitat  and  geographical 
distributions  of  all  species  indicated  in  part  I.] 

by  S.I.  WARWICK 

The  information  provided  in  this  guide  is  intended  to  be 
useful  in  providing  direction  for  future  genebank  needs  for  these 
crops  and  for  assisting  biotechnologists  and  breeders  wishing  to 
utilize  these  genetic  resources  in  their  research  programs . 


PART  II:  CHROMOSOME  NUMBERS  IN  THE  TRIBE  BRASSICEAE  (Cruciferae) 

The  following  publication  is  the  second  part  of  a  guide  to  the 
wild  germplasm  of  Brassica  and  allied  crops  (Tribe  Brassiceae, 
family  Cruciferae) . 

This  checklist  contains  the  haploid  chromosome  numbers  (n)  for 
taxa  of  the  tribe  Brassiceae  for  which  information  is  available. 
The  compilation  updates  the  list  provided  by  Gomez-Campo  and  Hinata 
(1980).  Since  the  latter  publication,  an  additional  159  counts 
have  been  reported.  Seven  counts  are  reported  here  for  the  first 
time  as  Warwick,  Black  &  Anderson  (unpubl.).  Counts  are  required 
for  45  of  the  217  species  and  seven  of  the  51  genera  [ Ammo sperm a , 
Dolichorhynchus ,  Douepia,  Eremophyton ,  Henophyton ,  Pseuderucaria , 
and  Quezelianthus] . 

Progress  in  this  field  has  been  as  follows: 

New  counts   Accumulative 


Several  authors  between  1916  and  1932 

Several  authors  between  1933  and  1972 

Several  authors  between  1973  and  1980 

Several  authors  between  1981  and  1993 


59 

84 

100 

159 


59 
143 
243 
402 


In  the  family  Cruciferae  a  continuous  series  of  base 
chromosome  numbers  from  4  to  13  exists  (Al-Shehbaz  1984),  with  37% 
of  the  species  having  a  base  chromosome  number  of  8  (range  2n  =  8 
eg.  Physaria  spp.  to  2n  =  25  6  Cardamine  spp. ) .  Approximately  37% 
of  species  in  the  family  are  polyploid.  It  is  believed  that 
aneuploidy  (i.e.  the  gain  or  loss  of  individual  chromosomes)  and 
diminution  in  chromosome  size  have  played  a  more  important  role  in 
the  evolution  of  the  family  than  polyploidy. 

Chromosome  number  has  been  particularly  well  documented  within 
the  tribe  Brassiceae  with  171  (79%)  of  the  217  species  counted. 
Gametic  chromosome  numbers  range  from  n  =  6  in  Erucaria  cakiloidea 
75  in  Crambe  gordjaginii .  No  single  chromosome  number 
to  be  dominant  within  the  tribe.  The  gametic  chromosome 
7,  8,  9,  and  15  occur  in  14-18%  of  the  species,  while  10, 
12  occur  at  frequencies  ranging  from  6-9%  (Al-Shehbaz 


to  n  = 
appears 
numbers 
11,  and 


1985)  . 

In  the  tribe,  species  with  gametic  chromosome  numbers  greater 
than  13  are  believed  to  be  polyploid  (Gomez-Campo  and  Hinata  1980). 
Based  on  this  premise,  37%  of  the  171  species  counted  should  be 
polyploid.  Half  of  the  51  genera  would  appear  to  contain  some 
polyploid  species.  So  far,  the  hexaploid  level  has  been  observed 
in  four  genera  (Boleum,  Erucastrum,  Moricandia,  and  Crambe) . 
Indeed,  many  genera  (e.g.,  Crambe,     Moricandia,     Vella,     Boleum, 


Zilla,  and  Euzomodendron)  appear  to  be  entirely  polyploid.  In  the 
genus  Erucastrum,  there  is  a  continuous  series  from  diploids  to 
octoploids .  Allopolyploidy  has  been  reported  in  the  tribe.  The 
most  familar  crop  examples  are  Brassica  carinata  (n  =  8+9),  S. 
juncea  (n  =  10+8),  and  B.  napus  (n  =  10+9),  combinations  of  the 
basic  chromosome  numbers  n  =  8,  9,  10  of  S.  nigra,  B.  oleracea ,  and 
B.  rapa ,  respectively.  Three  other  natural  allopolyploid  taxa  have 
also  been  reported:  Diplotaxis  muralis  (n  =  11+10),  Erucastrum 
elatum  (n  =  7+8)  and  Erucastrum  gallicum  (n  =  7+8).  Aneuploidy  is 
also  proposed  as  having  a  profound  impact  on  the  evolution  of 
Diplotaxis ,  Brassica ,  and  other  genera  in  the  tribe  (Al-Shehbaz 
1985)  . 

Chromosome  number  in  diploid  species  of  the  genus  Brassica 
varies  from  n  =  7-11.  On  the  basis  of  cytological  studies, 
Robbelen  (1960)  proposed  x  =  6  as  the  basic  chromosome  number  of 
the  genus  Brassica  and  the  above  range  in  chromosome  numbers  an 
aneuploid  series.  However,  molecular  studies  do  not  provide 
support  for  the  ancestral  status  of  n  =  7,  as  it  has  been  found  to 
have  multiple  origins  in  separate  lineages  (Warwick  &  Black  1991, 
1993).  In  addition,  recent  isozyme  studies  have  shown  evidence  for 
genome  duplication  in  some  species  with  chromosome  numbers  as  low 
as  n  =  7-10  (Quiros  1987,  Warwick  &  Black  1993).  This  has  led  some 
researchers  to  suggest  x  =  3  as  the  basic  chromosome  number  for  the 
genus  Brassica    (Chen  &  Heneen  1991). 

In  the  checklist  below,  taxa  are  arranged  alphabetically  and 
correspond  to  the  taxonomic  framework  for  the  tribe  indicated  in 
part  I  of  this  guide. 


Digitized  by  the  Internet  Archive 
in  2013 


http://archive.org/details/guidetowildgerm199315warw 
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